3. References S39
General Considerations
Melting points (m.p.) were recorded on a Leica Galen III hot stage microscope equipped with a
Testo 720 thermocouple probe and are uncorrected. Proton nuclear magnetic resonance (  1 H NMR) spectra were recorded on a Bruker AVII500 (500 MHz) spectrometer, as indicated. Carbon nuclear magnetic resonance ( 13 C NMR) spectra were recorded on a Bruker AVII500 (125 MHz) spectrometer, as indicated. Fluorine nuclear magnetic resonance ( 19 F NMR) spectra were recorded on a Bruker AVII500 (470.4 MHz) or on a Bruker DQX400 (376.5 MHz) spectrometer, as indicated. NMR Spectra were fully assigned using COSY, HSQC, HMBC, and NOESY. All chemical shifts are quoted on the δ scale in ppm using residual solvent as the internal standard ( 1 H an atmosphere of argon or nitrogen. Brine refers to a saturated solution of sodium chloride.
Anhydrous magnesium sulfate (MgSO 4 ) was used as drying agents after reaction workup, as indicated.
DOWEX 50WX8 (H + form) was conditioned as follows: 100 g of the commercial resin was placed in a 500 mL sintered filter funnel and allowed to swell with 200 mL of acetone for 5 minutes. The solvent was removed by suction and the resin was washed successively with 800 mL of acetone, 500 mL methanol, 500 mL 5 M HCl, and then 1 L of water or until the pH of filtrate was ~ 7, as indicated by pH paper. The resin was partially dried on the filter and then stored and used as needed.
In addition to those specified above, the following abbreviations, designations, and formulas are 
Protein Mass Spectrometry
Liquid chromatography-mass spectrometry (LC-MS) was performed on a Micromass LCT (ESITOF-MS) coupled to a Waters Alliance 2790 RP-HPLC using a Phenomenex Jupiter C4 column (250 × 4.6 mm × 5µm). Water (solvent A) and acetonitrile (solvent B), each containing 0.1% formic acid, were used as the mobile phase at a flow rate of 1.0 mL min -1 . The gradient was programmed as follows: 95% A (5 min isocratic) to 100% B after 15 min then isocratic for 5 min.
The electrospray source was operated with a capillary voltage of 3.2 kV and a cone voltage of 25
V. Nitrogen was used as the nebulizer and desolvation gas at a total flow of 600 L hr -1 . Spectra were calibrated using a calibration curve constructed from a minimum of 17 matched peaks from the multiply charged ion series of equine myoglobin obtained at a cone voltage of 25 V. Total down to 3GBq/mL in saline for delivery. Radio-reversed-phase-high-performance liquid chromatography (RP-HPLC) analyses were performed using a Gilson 322 or a Dionex UltiMate 3000 HPLC system equipped with a NaI/photomultiplier tube (PMT)-radiodetector and an ultraviolet (UV) detector. Radio-thin layer chromatography (TLC) was performed on MachereyNagel Polygram Silica Plates and analysed using a plastic scintillator/PMT detector.
Radiochemical conversions are reported non-decay corrected. Water (solvent A) and acetonitrile (solvent B), each containing 0.1% formic acid, were used as the mobile phase at a flow rate of 1.0 mL min -1 . The gradient was programmed as follows: 95% A (5 min isocratic) to 100% B after 15 min then isocratic for 5 min.
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Experimental Section

Preparation of 2-deoxy-2-fluoro-1-thio-glycopyranoses 3-5
General procedure for the synthesis of 2-deoxy-2-fluoro-1-thio-glycopyranoses
The corresponding 3,4,6-tri-O-acetyl-2-deoxy-2-fluoro-1-thio-β-D-glycopyranose (1 mmol) was treated with 0.1 M NaOMe in MeOH (7 mL/mmol) at room temperature. The reaction mixture was stirred at the same temperature for 15 minutes and neutralized with Dowex (H + 50WX8-200). The ion exchanger was filtered off and washed with MeOH. The resulting solution was concentrated under reduced pressure and the residue used in the next step without further purification. [2, 3] The title compound was prepared following the general procedure above, 2-Deoxy-2-fluoro-1-thio-β-D-mannopyranose (4) [3] The title compound was prepared following the general procedure above, at room temperature for >12 h.
2-Deoxy-2-fluoro-1-thio-β-D-glucopyranose (3)
starting from 3,4,6-tri-O-acetyl-2-deoxy-2-fluoro-1-thio-β-D-Electronic Supplementary Material (ESI) for Chemical Communications This journal is © The Royal Society of Chemistry 2011
2-Deoxy-2-fluoro-1-thio-β-D-galactopyranose (5)
The title compound was prepared following the general procedure above, In order to gain insight into the likely mechanism from which oligosaccharide units are formed under certain conditions, we studied in detail the formation of starting 2-deoxy-2-fluoro-1-thio-β-D-glycopyranoses 3-5. Analysis of starting 2-deoxy-2-fluoro-1-thio-β-D-glycopyranoses 3-5 by TLC and LRMS showed reasonable pure material although traces of impurities were detected.
However, the complexity of the mixture increased upon standing in aqueous and/or methanolic solution at room temperature for several hours as indicated by TLC, HRMS, 1 H, 13 C, and 19 F NMR (Tables ESI 1-3 and Figures ESI 1-18 ). Since deprotection of peracetylated 2-deoxy-2-fluoro-1-thio-glycopyranoses proceeds smoothly when mild reaction conditions and short reaction times are employed, it is crucial to control this step to obtain pure starting materials and avoid contamination with undesired by-products. We rationalized the formation of these by-products from 2FGalSH 5
as illustrated in Scheme ESI 1.
Scheme ESI 1. Proposed mechanism for the formation of episulfide 5b from 2FGal 5 which may lead to subsequent oligomerization reactions (accordingly applicable to Glc and Man configurations although to a lesser extent).
The formation and structural assignment of oligosaccharides is tentatively explained by oligomerization [4] of sugar 1,2-episulfide 5b (detected by HRMS) which is in turn obtained after a 1→2 intramolecular thiol migration.
[5] The 1 C 4 conformation in 5, which is stabilized by favourable dipole interactions [6] and complexation [7] with Na + ions, leads to corresponding episulfide 5b 5 H 4 after elimination of fluorine at C-2. Regioselective ring opening of episulfides/epoxides with soft nucleophiles [8] (e.g. FGalSH) occurs at C-1 through the lowerenergy chair-like transition state. [9] Chelation of Na + ions may also assist during this process. [10] Accordingly, we assume a 1,2-trans diaxial relative stereochemistry in disaccharide 5d (added to
Supplementary Information S20 SBL C156-Dha 2) although the presence of anomeric mixtures due to the oxocarbenium character of sugar 1,2-episulfides cannot be ruled out.
[11] In addition, negative Ellman's test reinforces our structural hypothesis that suggests disaccharide 5d is connected to the protein by the thiol at C-2.
Mutarotation and further oligomerization can also account for the increasing complexity of the reaction mixture occurring at different pH in aqueous media as recently revealed by Ramström. [12] However, this is only a tentative model which attempts to rationalize experimental data and the origin of this abnormal reactivity is still unclear.
Preparation of 2-fluoroglycoproteins 6-9
Sequence of SBL-S156C ( 
7 mg/mL, 655.0 nmol) in DMF was added and the resulting mixture vortexed for 30 seconds. After 30 minutes of additional shaking, a 20 µL aliquot was analyzed directly by LC-MS and complete conversion to SBL-C156-Dha 2 was observed (calculated mass, 26681; observed mass, 26681).
Small molecules were removed from the reaction mixture by loading the sample onto a PD10 desalting column (GE Healthcare) previously equilibrated with 10 column volumes of pH 8.0 sodium phosphate buffer (50 mM) and eluting with 3.5 mL of the same buffer. The protein sample was flash frozen with liquid nitrogen and stored at -80 ºC. [3] All manipulations were carried out in a cold room maintained at 4 ºC. A 300 µL aliquot of SBL-C156-Dha 2 (0.4 mg/mL, 4.49 nmol) previously prepared in 50 mM sodium phosphate buffer at pH 8.0 was thawed. To the protein solution was added 2-deoxy-2-fluoro-1-thio-β-D-glucopyranose 3 (3.2 mg, 16.1 µmol) as a solid and the resulting mixture vortexed for 30 seconds. After 3 h of shaking, the reaction was analyzed directly by LC-MS and complete conversion to SBL-C156-SGlc2F 6 was observed (calculated mass, 26879; observed mass, 26884). The protein solution was dialyzed against 50 mM sodium phosphate buffer (pH 7.0) and stored at -80 ºC. [3] All manipulations were carried out in a cold room maintained at 4 ºC. A 300 µL aliquot of SBL- 
Figure ESI 19. ESI-MS spectrum after 30 min at 4 ºC.
SBL-C156-SGlc2F (6)
SBL-C156-SMan2F (7)
SBL-C156-SGal2F (8) and SBL-C156-STalGal2F (9)
All manipulations were carried out in a cold room maintained at 4 ºC. A 250 µL aliquot of SBL-C156-Dha 2 (0.4 mg/mL, 3.70 nmol) previously prepared in 50 mM sodium phosphate buffer at pH 8.0 was thawed. To the protein solution was added 2-deoxy-2-fluoro-1-thio-β-Dgalactopyranose 5 (1.9 mg, 9.6 µmol) as a solid and the resulting mixture vortexed for 30 seconds.
After 10 h of shaking, the reaction was analyzed directly by LC-MS and 65% conversion to SBL- (MES running buffer and coomassie blue stain).
Tryptic digest of 2-fluoroglycoproteins 8 and 9
In Gel tryptic digest protocol An SDS PAGE gel (NuPAGE 4-12 % Bis-Tris, Invitrogen) of protein sample was run (see above).
A clean razor blade was used to excise the gel band corresponding to the protein. The gel slice was placed into a microcentrifuge tube and was cut into ~ 1 mm pieces. The gel slices were washed sequentially as follows and rotated on a lab rotisserie: a) 100 µL solution B for 30 min then discard supernatant; b) repeat wash with 100 µL solution B for 30 min then discard supernatant (repeat until bands are no longer a strong blue colour); c) wash in 100 µL acetonitrile for 10 min and Figure ESI 27. MALDI-TOF spectrum of 8 and 9 after tryptic digest. 
SBL-C156-SGlc2F (13)
Crude [ 18 F]FDGSH 11 solution was evaporated using a stream of nitrogen at 100 °C. Dry conformational changes or other structural changes taking place in the sample during the isolation, purification or other processing steps prior to its elution through the column.
[14]
In particular, peak shapes for globular proteins above 20 KDa are very responsive to mobile phase mediated phenomena which affect the diffusion coefficients of these solutes as well as the kinetic resistance to migration of the solutes onto and off the alkylsilica support. [15] Importantly, the following references on multiple peaks found in HPLC analysis of radioactive peptides [16] show that multiple molecular configurations of identical molecular weight but differing in shape, charge, isomerism or lipophilicity such that they are resolved under the conditions of certain analyses. One conclusion from this investigation is that the appearance of a single peak by any HPLC analysis offers no assurance that multiple peaks would not appear on alternative HPLC analyses. It will always be difficult by HPLC to prove that a single radiochemical species is present. Evidence that each species is due to radiolabelled active peptide and not to radiocontaminants is therefore potentially more important than evidence of a single peak.
